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Fine grinding with mechanically actuwated jmpactors.,

by W. Beushausen.

Chemie~Ingenieur-~Technik 31: 553-560 (1959).

Summary: Following a general delineation of impact grinding from
disiitegration by other mechanical methods, the aieas of application of
impact implements are described acccrding to their divergent tasks. The
influence of the machine's rate of work on particle size is shown by a
number of micro-photographs and representations of grain-size distribu~
tion, which at the same time give a pgood idea of the fineness currently
obtainablo with practical and feasible means. The effect of the f{lowing
carrier medium on the resulting fineness is explainad in terms of the
theoretical behavior of small particles, their specilic weight and their
shape. The material's structure, repeated impact stress and the limits
of stress are jnfluential. Tmpact grinding is particularly suited to
selective separation of strueturally inhomogeneous substances.

- .

Impact grimding among other methods of disintegration. J

As the most recent of all methods of fragmentation, impact grinding
assumed a special significance for the chemical industry owing to its
sxtensive scope of application. It was sble to assert itself only with
the means of modern machine constriction; especially hall hearings for
high revolution and materials of correspoiding ruggedness. This is
particularly valid for fine grinding by impact, which presupposes a
high tempo of the impactors.

All of the remaining types of size reduction, such as percussion,
pressurs, friction and ssction, were once effected by human hands,
before they were transferred to machines, usually of slow rate of work.,
Originally designed for a limited purpose, they evolved into a wider
scope of application in the wake of increased utilization of jndustrial
materiale. This scope remained limited, however, due toc the approximate
structural identity, of the milled substances, even though it was possible
to modify the form and function of the grinding implements.

The characteristic of lmpact pulverization, that of striking ths
material in free flight or allowing it to impinge in free flight, permits
the use of a wide range of speed by the impact apparatus and, consequently,
adjustment of this speed to the compactness of the materials. The medium
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transporting the particles, usuvally air, could be utilized for the re-
maval of heat generated by the mechanical action. The design of impact
implements maet the requirancnis of shape, structure and weight of the
material to be ground. Thus impact disintegration covers the widast

scope of application of all methods of raduction, especially in the domain
of fine grinding. It involves moderately hard, brittle materials, viscous-
elastic ones and heat-sensitive, soft substances with low melting points.
This range certaiuly covere a larger number of substances of related
gtructure than all other methods, In the ssparation of agglomurates of
finest primary granule size, iwmpaction is probably the only feasible
method in view of the difficult side effects encountered by other
techniques. The samc is true of soft, waxy substances which melt at lew
temperatures,

The limitations of impact fragmentation are tied to th~ structure
of the treated material, marked by excessive viscoeity on ons hand angd
proiilbitive hardness on the other, which renders its use economically
unfeasible due to the atiritioun of the rapidly grinding implements. A
subordinats role ig played by the limited grain size or particle size
of thc material. This lindtation is explained by designing considera-
tions and the stress placed on high-speed impactors.

A characteristic of all fine reduction machiunes working with impact
action is the conduction of air through the grinding spaces. It is
normally transported through the running impactors and is partly used as
carrier medium supplying the machines and for removal of the reduced
material. I%t hes sn impeortant role as coolant and thus protects heat-
sensitive substances. The material must therefore be removed almost
entirely from the air upon leaving the machines. The promotive or in-
hibitive effect of air on the reducing process must be considered,
especiaily in the fine ronge; it also influences particles of extreme
size, such as fibers, thin films, etc. This will be discussed later.

An atteampt is made in Fig. 1 o depict, in a simplified vcrsion,

the scope of application of impact reduction, together with that of

other fine grinding methods, in correlaticn with materisl properties.
Holdly shaded fields represent the positive feasibility of the process,
thogse shaded thinly and in the opposite direction designate limited
applicability. Vacant fields indicate that the method is not advisable
or impossible for the given rruperty of o substance or a group of
maherials. '

Fig. 1 also shows which related methods of disintegration may be
applied to a group of products with comparable properties. The results
of the various processes, i.¢, the resultant fineness or granular dis-
tribution; are not always comparable.

The decision between a machine operating on the impact principle
and another with comparable end products is usually based on economic
factors, Primary consideration is given to the specific performance,
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followed by the cost of investment and operation, building expenses
connected with installation, attrition, and the question of replacement
parts. The most important advantage of fine grinding machines operating
on the impact principle is their small size for equal output, made
possible by the greater speed of their milling implements, This ad~
vantage is intimtely related to the remaining questions of economy.

The scope of application of the most important designis.

A dietinct delinsation of machines operating within the fine range
from "impact mills" in the coarse range is very diffienlt. If we desire
to establish & saquence of most widely distributed fine mills in the
direction of increasing fineness, the "impact mills" arc followed by the
hammer mill, Fig. 2. It shares certain data with the impact mills with
respuct to the feasible particle size as well as the obtainable grain
Gistribution., Whereas the foruer cperate at circumferential specds of
15 to 45 m/s. the hawmer mill employs a customary 30 to 80 m/s. Next
are the sieve mills with 60 to 90 m/s and the pin mills with 120 to 150
m/s. By opposed motion of the second grinding disk. these machines
currently achieve relative speeds of 230 m/s. Based on these periphcral
speeds, a reference value can be obtained for the at.tainable upper grain
size, provided we limit ourselves to data on a moderately hard, brittle
substance with & correspondingly median specific weight. Impact mills
will rarely g below 5 to 10 mm, unless selective separation is involved.
The hammer wmill covers the intermediate range, including sizes below
1l mm. Sieve mills produce around 0.2 to 0.3 mm; pin mills go below 50 4. .
For the sske of completensss, Fig. 2 includes the jebt milil, which also
operates by impact (thrust), the most recent construction with the most
favorable dsgree of fineness achieved to date.

- -~ A number of typical examples of grain distribution of the Contraplex
pin mill, a hammer mill with bar grate &s impaction iate and classifying
screen, and an impact mill are shown in Fig. 3. Crude limestone (calcium
carbonate) served as test mterial. The steep grain distribution of the
pin mill is dues to a characteristic of this mill which shall be discussed
latsr. The consplcuously flat distribution of the hemmer mill indicates
that the expenditure of effort applicable to this pulverization falled

to be harmoniously related to the free orifice of the impaction face.

‘'he latter was too smail, unduly prolonging the residence time. The
result is an increcased shere of fine material upon similarly increased
effort. The distritution of the impact mill is neariy linear and has
almost exactiy the ideal 459 inclination in the hosin-Rammler graph.

Enearov ahsorption and finensss,

It should prove fruitful to examine energy expenditure for 1 kg
output of material in relation to the surface att-ined by the three grain
distributions indicated. Both values are entered in Fig. 4 on a simple
logarithmic scale. All wasted effort is included in ths expended energy,
especially ventllation, acceleration of particles, frirtion and mechanical
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energy losses, The total energy absorption of the impact mill in the
cearse range thus has a ratio of about 1:70 to that of the pin mill in the
fine range, This ratio indicates the advantages of partiogularly careful
penetration of the problems inherent in fine grinding. Incidentally,

Fig. 4 only purperts to visuslize these correlations in conncction with

an easily mlilled substance agd in no way yields a contribution to the
discussion dealing with the theoretical relationship between energy ex-
penditure and the attained surface.

Fig., 3 and 4 alse glve a reading on the correlation betwsen the
energic requisites of impact grinding, nameiy, that decreasing grain size
requires an increased impact velocity in order to cause the disintegration
of particles due to the induced mechanical tension. The ratio of impact
velocities between the impact mill and the pin mill amounted to aboui
1:5. The structural peculisritics of the machines utilized in the test
also indicate that the nuuber of impactions suffered Ly the individual
gramile was increased with diminishing grain size. This requisite is
confirmed by Smekal's {1) data conceruing the influcnce of inhomogensous
points on the process of breakage and the concept that only repeated
impactions induce the tensile peak required for the breclmage of small
particles,

Irineiples of construction and detailed design.

The builder of impact grinding machines for the fine range faces a
nunber of puasibilities by which to implement the indicated correlations.
Impact mills only require a small number of impactors with relatively Low
rates of circumferential speed; their currespondingly heavy design is
linked to the desired particle size. The upper limit of grain size is
¢cbtained by.adjusting the gap in the impaciiovn face.- The use of the
impaction principls in the coarse range is limited to brittle substances.

The desired upper grain size of hawmer mills is similarly adjusted
by means of gaps or perforations. Finer pulverization is obtained by
higher peripheral speeds, a larger number of impactions by means of
additioral impactors. The compesition of grain distribution may be in-
fluenced by the cholce of the free passage surface of the grinding faces.
Increased obstruciion means prolongation of the residence time and a
greater share of fine material. This method is feasible up to the stréss
limit of heat-sensitive substances, in any case only up to a concentration
that still permits unimpaired impaction.

The feasibility of inducing the desired grain distribution and a
stated upper grain limit by the choice of correspondingly narrow passage
diameters in the orifices of the impaction face freguently lesds from
impaction to a frictional process with negative side effects due to
accumlation of material; among them: Reduction in effectiveness by an
increase in wasted effort, incorrect stress on the material with resulting
damage, and incroased wear and tear caused by hard substances.

-
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A further measure aimed at increasing the tensile processes 1s the
reduction of distance between the impactors and the path of impaction, and
sultable outfitting of the path with a maxiimum number of diverting edges
of eppropriate shape. The shortening of the free particle patha achieved
thereby is particularly effective in connaction with very light waterials
and those 1in the form of thin films and fibers which are subjected to the
disturbing influences of air flow owlig to their high air resistance.

The shape of the impactors, especially the desirn of the striking
edgea, deranda on thg dissimilar structure of materials, Disintegration
of eoft materials and agglemsrates is proroted by & striker thut reaches
acro«> the width of the impaction path without interruptions. The same
18 vrue of brittle substances of slight nardness, Hara materials profit
by heavy, alngle strikers which are suspended with free play when the
sizes of the crude product's particles are very dissimilar, in order to
avoid mechanical overexertion of the machine. Thin or sharpened strikers
are uged for viscous and elastic materials; tliey prevent harmful and
inefficient deformation of thease often heat-sensitive substances and
permit the required tensile concentration of ths particle. Fig. §
shows an example of the striker implement for a hammer mill.

Effect and influence of the a2ir as carrier medium,

The influence of air flowing through the milling spaces has already
been pointed out in another connsction. This influence is particularly
disturbing when exerted on the increasing fineness of the material during
the grinding process proper. While the kinetic energy of the propelled
particles drops in proportlion to thelr weight loss at constant speeds of
impaction, & considerable rise takes place in the resistance factor as
their Reynolds number diminishes, as shown for spherical particles in
Fig. 6.

This meany that the finer particles increasingly follow the
direction of air flow, and not the direction forced upon them by the
impactors. They withdrew from the stress of impaction and their
direction is no lunger similar to that of the larger particles. One
could easily imagine that the resulting uncontrollable motive processes
pose & strong hindrance to the larger particles due to the rapidly
multiplying small granules,

Since counter-measures by control of the rate of flow were only
partly successful, and adjustment of the direction of flow had practi-
cally no succeas, current attempts to alleviato this detrimental
manifestation are still elementary,

At this writing there are tw desgigns aimed at the elimination of
disavantageous impediments dus to fine particles. First there is the
micro-atomizer; a high-spasd hammer mill that reduces on closed paths
of impaction and draws off the fine particles through laterally placed
vents with measured amounts «f air, We therefore have an impact dis-




integrator here, ecquippud with an interiml separator, whose finenass is
comparable to that of pin mills, Fig. 7.

Since the dlacusaed processes .. most strongly encounterved lIn
cornection with the poor grinding guality of particularly viscous and
elastic materials, a design was developed which was equipped with sieves
in view of other peculiarities of the indicated group of substances and
called the Superplex cool-flow mlll, Fig, 8. Pulverization again
occurred on a profiled path of irpaction. Since the free openings of A’
ctriking frce ec~nsisting of perforated tin or b:v gratc are trequently
obstructed by cirenlating or excessively large material, the sieves were
attached at the sldes of the milling space and served here as genuine
classiflers. The strikers are hanging within a rotor simultaneously
equipped as a rotary blowor. Excess &ir immediately carries through the
sleve all partieles emaller than tho sievo's perforations. The lncreased
air flow also serves as an effective coolant.

Two examples will point out the irherent advantages: In the case
of viscous, dried plantal fibers, the identical ecnorgy investmont yielded
a Iy to 5-fold product of the same fineness compared to & coaventional
aieve mill., A rubber-like, foamy matcrial that could no* be reauced in
a hammer mill with 30 mm perforations due to immediate and intense
heating, was ground to a fineness below 1 mm with this machine, under
constant conditlons.

Geinding processes within the machines.

The technology of disintegration is faced by the clrcumstance that
no mathematical foundationg eor diract measurements of the machines' —
action are available to the desligner. This becomes particularly clear
in the case of high-speed implements working on the principle of
impaction. The necessarily rapid action of nearly all processes in the
milling spaces offers a partial explanation. All consideratlons are
naturally based on the basic laws of mechanics, which unfortunately are
supsrippoyad by a good number of disrupting influences. The effect of
thess disturbances frequently is greater than that of M"aimed" processes.
The builder i= aided by observation of ettritive traces and interpretation
of adhesions in the case of sticky materials. Temperature measurements,
comparison of grain distributions in connection with the glven energy
absorption amd comparahle output offer indirect values relating to the
process of disintegralion and serve in this capacity primarily for
purposes of turther development.

Pin mills offer ths best paerspective on the process of pulverization.
Since they produce the highest degree of fineness of all impact machines,
and also possess & great numnber of chances for the impairment of results,
their range of application is wide and the investigation of their peculi-
arities of concomitant interest.
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Their pulenti-ls for achlevement of greater fineness include:
Accel ration of circumferontial speed;

contrary motion of the second milling disk with udditional
increase in relative apesd;

addition of pin rows;
narrower grouplng of pin rows and utilization of thinner pins,

Heat-sensitive and adhesive substances are taken into consideration
by utilizing:

Limited rotation;

rotation of all impactors;
limited pin rows;

more widely spaced pins;
ihin pins.

The particles' direction of flow is easily deduced fiom measurements
of attritive traces and adhesion3s on the uniformly distritnted, shaped and
used impact pins., It is variable according to the material's weight,
hardness and elasticity, and depends o the air input and the size of the
atarting miterial.

Certain concepts based on data have nevertheless been published
concerning the detailed processes taking place in the milling zone,
F. Kaiser of Alpine A.G. has endeavored to contribute measurements and
mathematical considerations. T[ig. 9 shows a schematic drawing of a
perpendicular cut through the pin rows of two opposad grinding disks,

each acuinnad with thrae nin rowa. The widely annced nine syra to be
il CRATTEE T T e il sl S - hadied T — ~r Lt wea Al add

" imagined as stationary, the densely arranged onaes as rotatlng. Five

milling zones are formed betweein the six pin rows. The three most
characteristic types of particle movsment are indicated in three
milling zones. In order to facilitate representation, we assume three
materials with clearly delineated stiuctures: A readily ground product,
e,5. dye or pigment agglomerates, a poorly disintegrating one, e.g.
crude limestons, and a material that 1s practically irreducible by
impacticn, e.g. plastic granules such as polyethylene.

Readily ground material bursts upon impinging on the stationary pin
row, i.e. with a non-olastic impact, and does not rebound to the pre-
ceding pin row, It is carried through the gaps in the pin row by fiowing
air, permitting a repetition of the act in the next milling zone.

Irreducible material retounds to the inner pin row after the firat
imgpact and continues to do so several times between the pin rows until
it reaches the exterior by a favorable rebounding angle or collision

e, -
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with another particle. Acoording to sasasurcments taken in conuection
with the two-directional contru-pin ndll 250 CW of alpine A.G., cach
rarticle suffers an average of 7 impects in each milling zone.

Batween theae two extrems substunceos thera i3 a puorly veducibla,
but. technlcally normal meterial. FEiach particle Jumps back and forth
batweeari the pin rows until it either bursts and its compononts are
carriad thruugh by the air flow, or 1t pasasoe inte the next zone by
accldent, undiminishad after en average of 7 impacts.

Thus the pin rows heve an additiomal function as sisves and the pin
nill 15 aleo & slave mill. .nis is explained by a number of circum-
stances that have not besn fully intorpreted heretofo.e:

For one, thene Include the high degree of fineness attainable with
these muchlnes, the steep incline of gramular distribution curves, and
the difference in power consw ption betwean poorly and easily reducible
ratorials.

The following two conclusions at first do not seem to fit into our
concepte. The contents of all milling spaces of a pin mill with a 270
mu Jisk diameter, l.e. the 250 CW, amount to about 10C mg material.
Similarly, the residence time of a few thourndth of a second is
surprisingly short.

By way of compariuson, these values for a jJet miil of same size are:
Contents, a few 100 g; the reslidence time, vp to one minuts.

The manner by which these results were obtained c¢an only be
alluded to at this time, It is hased on the fact thatl the turqus
driving the moving pin disk is transferred to the stalionary pin disk
only by the force of tue impinging particles {after deduction of the

- air resistauce). Thl:s torque is easily and precicely measurable, as is- —
the flow of material. Tho geometric measurements are known, Traces of

wear and tear and adhesion indicate the angle of impaction, leaving only

an estinatlion of the number of impactions. The resulting values

probably are not very exact, but they ocught to reflect the magnitudes

of these manifestations with tolerable accuracy.

Grinding results wlth pin mills,

A fuw results achieved with pin mjlls should further clarify the
praceding elucidations. Fig. 10 gives an ldea of the effect of con-
conbration in the milling zoneas,

Pulverization with incresaing input under otherwise constant
¢onditions was varried out with limestone (calcium carbonate), a
moderately hard, briitle substaince wiose initial grain distribution is
entersd on ths right slide of the chart. The attained grain distributions
were idanticel up to about 230 kg/h output. Up to about 250 kg/h a




SR TINTCRT IR, O e e {1 7 ST e

slight Joas of fineness 1s noted across the entire rauge, while the
upper graln limit is only sliphtly changed. An output of 287 ka/h
begins to cause a deviation in prain distribution toward lavger particle
diameters, initially only in th: upper portion.

The progression of upper prain size is entered in Fig. 10 in the
lower right-hand corner, above the inpul., Additional increase in input
wlll cause thie upper limit of the average grain size to rice in
accordance with the indicated tendency, We must assume, therefore, that
the concentration of material between the grinders is not constanl with
riaing input. The final condition is such a high concentration that the
process of impaction belwsen the pins is changed to a frictional procsas
among the accumilated matoerial,

The influence of the raterial's structure, esp.. ially ity compact-~
i.es3 and viscosity, on the action in the milliny: Zunes is best shown by
way ot a fewy resulte., Fig. 11 reflects the increase 1. fineneoss of
crude limestone after rcpeated passaye through a pin mill.

Tiie ip ~3nse in tinmansa of il vwariouy fraciions is small afto:
the first pausage, slightly less among the coarser fractions than among
the finer ones. This tesl result proves that repeated passage of
similarly brittle mterials is without special effect and therefora
uneconomiecal.

Two viscous-elastic substances showed & conspicuousyy different
behavior compared to brittle-hard limestune., The results are entered
in Fig. 12, Considerably coarser fractions wers chosen, since the
fineness of limestone refiected in Fig. 11 cannot. be attained with these
materials and the means described. Agar-agar, a gel from red algae,

obviousiy depends on ihe moisture eontent for its viscosity. Ths.initial

water content and that present aft.* cach passage is listed on the upper
edge of the diagram. Its decrease with the number of passages indlcates
a heavy mechanical stress and doformaiion of the particles during the
girinding process. at the time of second passage, the water content has
dropped from 19 to 12%, and from this point on the share of fine
particles undergoes a measurable rise, At least four additiconal
passages are required in order 't depreas the upper limit of 5004 ,
renched after three passages, to 60 M+ The moisture has meanwhile
dropped to TE.

The behavior of an alginate produced from seaweed fibors or algas,
known primarily for its emlsifying properties, is interesting when
compared to agar-agar. Fig. 12 shows the percentual increase in
particles beLow 60 A+ . The substance was nearly dry. Since the
water content of this product could not change during repcated dis-
integration, its irfluence is cancelled out and a steadily rising
reducing effect is noted after each passage. Due to its greater vis-
cosity compared to agar-agar, the alginate required multiple applications
of stress in order to produce the points of fatipgue needed for




fragmentation., Revolutions and input were constant during those tests,

The granulation grid in Fig. 13 reflects the maximal finseness current-
1y attainable with a pin mill for crude limestone. Results achieved by
the nelghboring method of reduction, the jet mill, are entered for
comparigon purposes. The jet mill yielded about 99% smaller than 5 ,
the pin miil about 99% emaller than 15 .

This result is contrasted with the grinding of graphite by the same
apparatus, Fig. l4. Hers the disrupting influence of air flow is evident,
aince the very thin graphite platelets offer a considerably higher air
resistance than cubic grains of equal size, it being generally irue that
the platelet diameters represented as grain diemeters cannot be related
to ths cublc form in the technology of disintegration. It is understeod
that a slight elastic bending property of the thin platelets contributes
to the poorer degree of fineness. Hsre the et mill produces 99% smaller
than 35/u, , the pin mill 99% araller than 70-75/,0, .

Fineness resulting from di fferent immact velocities.

The following micro-photographs present an optical picture of the
effect of accelerated impzct velocitiss.

The illuatrations in Fig. 15 show a spray-dried PVC powder, i.e. a
viscous-slastic substance, including the crude product, pin nill
redicction with 145 m/s in the last milling zone, and pin mill reduction
with a relative spsed of 220 m/s in the outer grinding zone, When
dealing with such heat-sensitive materials, the permissible stress,
expressed by the relative speed of the pin rows in the last milling
zone, mast be carefully adjusted in order to find the permissible
sugtained operation conditlons producing tne highest degree of fineness.

Fig. 16 shows a softer, flaky product of low viscosity, namely

roller—dried ymsast., The speads in ths decisive outer milling zone were

130 m/s, 155 m/s and 180 m/s.

The micro-photograph in Fig. 17 reflscts the distribution of f{ine
agglomerates or fusion of primary granules of red-lead. Upon proper
equipment and adjustment of the pin mill it is possible to reach the
small amcunt of coarser particles and to reduce them in some measure to
prinary granules, despite the disturbing buffer effect of the crude
product which consiets predominantly of primary particles. The increased
fineneuas is expressed principally by a lower rate cf suspension and a
noticeable increase in the volume of yield. '

The striking sffect of the pins on the agglowerates, whose diameter
generally is below 5 AL and seldom exceeds 104, is conspicuous in
comparison to the degrees of fineness shown heretofore. It is probably
true that the uniformly small primary particles do net as yet offer an
essontial hindraince to the trajectories of still intact, larger forma,

10
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provided their concentration in the grinding zones is normal. This
assumption is confirmed by the observation that the drop in the dis-
integrating effect is connected with similar maierials of high primary
finensss sets in very suddenly with stepped-up input, contrary to
substances that are reduced to wider ranges of gramulation in the
milling zones. An example of such a case of gradual abatemenl 1s offered
by the diagrams for limestone, Fig. 10.

Finenesgs and subjection to stress.

The exceedingly low degree of effectiveness inherent in fine
grinding, coupled to a relativel; high expenditure of energy, makes it
mandatory to avoid unnecessary losses during the process of reduction.
In practice, the performance of a machine is deemed satisfactory when
the desired fineness is obtained. Whether this fineness is achieved in
an inner grinding zone by a small number of impactions, so that un-
necessary energy is speni on already reduced material up to the moment
of exit, is frequently unknown. The pin mill is particularly suited to
a process of pulverization aimed in such a manner that the desired grain
distribution is produced precisely at the time the outer milling zone is
evacuated., The means to this end have been listed already.

When heat-sensitive products are involved, considerations of fine-
ness must frequentiy yield to the question of a material's capacity for
stress. Limitation of stress is particularly important when the _
product’s properties must not be changed, or when damage due to thermal
effects is to be avoided. This is best achieved by the use of a
permissible impact velocity, which can only be found by experimentation.

Fig. 18 shows an intseresting case of thermal oversatress of shellac
in the ocuter milling zone of a pin mill. The ccnsistency of the
softened substance just happened to be such that extended adhesions
formed on the pins of the outer row, which immediately herdensd in. the
air flow. h

When a repeated passage of such temperature-sensitive products is
considered, taking due note of the indicated enesrgic disadvaitages, it
nmst be remembered that it is precisely the resultant small particles
that reach a prohibitive temperature more quickly than the coarser ones,
since they absorb more hest from their environment due to their smaller
mass, An advantageous sclution in connection with heat-sensitive and :
all other poorly reducible materials is offered by an intermediate *
separation of the fine portion.

The example of limestone (calcium carbonate), which served as test
materia&l in several experiments, was chosen to show the degrees of
fineness currently attained by impaction with the aid of alr sifting,
Figz. 19.




An attempt was made initially to produce fine material not larger
than 4.5, The fine portion withdrawn from the machine was replaced
by an equal amount of crude matter for the next run, establishing the
censtant conditicns of a cycle. The fine portion experienced a steady
drop upon separetion of the 4.5 s constituent. Pulverization of the
entire maierial to an upper lmlt of 4.5 ger is therefore impossible.
Additionsl tests established the desired objective at 7 & . The fine
components remein constant in the c¢ycle, The circulation of material
was about two-fold, using the highest relative speed currently
possible for pin mills, about 230 m/=2. 4 slight improvement of the
result would be attained by increasing the circulation, The effect of
the jet mill coupled with a sharply delineating microplex sifter
exceeds the indicated fineness by another degree.

These results with limestone are compared with data from a test
using graphite under identical conditions of reduction. The lowest
possible sifting capacity of the separator was near a platelet dlameter
of 6 v, The results wers thus limited by the upper diameter of the
finished product. A cyclic constancy belween will and ssparator
ocoeurred only nsar the 30th cycle, so that the amount of fine material
withdrawn each time was 3%.

Selective disintegration by impacticon.

Finally, the feasibility of selective reduction by impaction in
the fine range shall be examined imore closely. It differs conciderably
from the processes in the coarse range. First of all, a 1~ - speed of
the impactors normally suffices in view of the greater ma¢. I the
partlicles and the presence of copious "faults". The influence of
disturbing air flow is negligible., The cituation is differant in the
fine range. Tke softer particles are usually lighter than hard par-
ticles of equal) size, and therefore are subject to the disrupting
influence of the flowing carrier medium: Thus harder, more compact

- particles are subjecied to impaction sooner and more often than less
solid ones. At the sams time, the greater collisional energy is
applied to the more solid and heavier constituents. Usable resulis in
the fine range can therefore be expacted only when the differsnce in the
compactness of the participating substances i~ ccrirespondingly groat,

Fig, 20 glves a particularly clear example of a successful
selective classification. It represents the separation of dried,
calcined clay and pyrite after selective grinding with 2 hammer mill in
the first stage and with pin mills in the next two stages. The separa-
tion of the first stage was accomplished with 2 spiral wind sifter in
order tc fgcilitate subsequent screening of the coarser particles at
0.5 mm. Subgsquent classification again resorted to spiral wind ] '
sifters. According to Mohs, the hardness of pyrits iz 6 to 6.5, that of :
the clay asgglomerates should be between 1 and 2., The speci fic weight of P
pyrite is 5.0 to 5.2, that of clay approximately 2.0. o s




The results have been visualized by burning samples of the various
fractions. The left side of the plcture shows three samples of clay
purified of iren pyrites, i.e. the fine products obtained. The
siftings and. the crude product of the third spiral wind sifter,
depicted as two shiny, black specimens at lower right, represent ihe
residue. Starting with 2 pyrite content of about 3.5%, the total
residue amounted to 6-7%. The blackness concentrated in the residual
samples is recognizable in the burning specimen of the starting mzaterial
in the form of eruptions of individual pyrite particles due to oxidation.

Illustrations.

Fig. 1. The association between the various types of action and
the most important properties of materials for fine grinding.

Fig. 2. Schematic structure and action of impact grinding machines
most commonly used in the fine rangs.

Fig. 3. Grain distributicn of different mills working on the
impaction principle. Material: Calcium carbomate.

Fig. 4. Energy absorption, including all energy losses, in
dependence upon the resulting surface in the disintegration of calcium
carbonate.

Fig. 5. Sharp-edged, thin impactors of a hammer mill designed for
the separation of fibrous platelets (wood shavings).

Fig. 6. The resistance factor Cy of sphefes_in dependence on
Reynolds' number. according to Muttray, from L. Prandtl: Rheology,
Braunschweig 1956, p. 180.

“Fig. 7. Horizontal section through the "micro-—atomizer," designed
by Metals Disintegrating Co. Inc., Summit, N.Y., USA.

Fig. 8. Superplex cool-flow mill, designed by Alpins A.G., Augsburg,

Fig, 9. Characteristic trajectories in the milling zones cf a pin
mill {excerpt). According to Fr. Kaiser.

Fig. 10. Change in grain distribution and upper grain size with
input, invelving a pin mill {Alpine Contraplex 250 CW). Revolutions
n = 17,,0C BPM relative, Test material: Caicium carbonate.

Fig. 11, Increase in fineness of crude limestone (calcium carbonaté) 2
after several passsges through 2 pin mill (Contraplex mill 250 CW);
n = 17,400 RPM relative.




Fig. 12. Divergent behsvior of two structurally related viscous-
elastic products during impact grinding in & pin mill. Material:
Agar-agar and alginate (Contraplex mill 250 CW); n = 17,400 RPM rel.

Fig. 13. Comparison of the fineness of linestone, r iuced in a pin
mill (Contraplex mill 250 CW; n = 17,400 RPM relative) and a Jet mill
(Alpine Aercplex jet mill 200 AS; 6 atmospheres excess presaure).

Fig. l4. Ultra-fine grinding of nstural graphite in pin and jet
mills,

Fig. 15. Reduction of PYC (polyvinyl chloride) in pin mills with
increasing circumferential speeds.

a: crude product, spray-dried;
b: ground in a Kolloplex mill at 145 m/s;
¢: ground in a Contraplex mill at 220 m/s.

Flg. 16. Disintegration of dry yeast (roller—dried) in a Contra-
plex mill; speeds in the outer milling zome: a) 130 m/s; b) 155 m/s;
c) 180 m/s.

Fig. 17. Reduction of red-lead in a Contraplex mill. Left: crude
red-lead; right: ground red-lead.

Fig. 18. Grinding disk of a Contraplex mill after reduction of
shellac, shuwing vverstrain of the material.

Fig. 15. Lowesbt upper grain size of crystaliine limestone upon
grinding in a pin mill and continuous aseparation with a Mikroplex spiral
wind sifter. Mill: 250 CW with 230 m/s, n = 17,400 RPM relative;
separator: 132 MP (Alpine), n = 12,000 RPH. Replacement of fiue
product by crude product: 348 < 500 s ; 54F < 1.0 mm; a%

<< 2,0 mm; upper limit 3 mm.

. Fig. 20. Selective impact grinding with separation of clay and
pyrite (FeSy) by wind eifting and classification.

Iiterature,

(1) A. Smekal, Z. Physik 103: 495-525 {1936).
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